Dear Sir:
=========

Nonbacterial thrombotic endocarditis (NBTE), a form of endocarditis in which noninfectious vegetations are deposited on cardiac valves, is a cause of stroke. NBTE is frequently related to malignancies and hypercoagulable conditions \[[@b1-jos-2017-00696],[@b2-jos-2017-00696]\]. Since previous pathological investigations of NBTE have been based on postmortem studies of cardiac valve vegetations \[[@b1-jos-2017-00696],[@b3-jos-2017-00696]\], the histological features of intracranial arterial thrombi in NBTE remain unknown. We present the histological features of thrombi, which were retrieved by using a stent retriever, in a patient with stroke and NBTE.

A 55-year-old man was admitted for multiple cerebral and cerebellar infarctions ([Supplementary Figure 1A](#SD2){ref-type="supplementary-material"}). He had no relevant medical history. The findings of 12-lead electrocardiography and continuous electrocardiographic monitoring, during his stay in the stroke unit, were normal. Blood chemistry, coagulation, and autoimmunity test results were within the normal ranges, except for an elevated level of D-dimer (7,251 mg/mL) ([Supplementary Figure 2](#SD3){ref-type="supplementary-material"}). Transesophageal echocardiography showed echogenic masses on the anteromedial leaflet of mitral valve and the non-coronary cusp of aortic valve, which were compatible with NBTE ([Figure 1A](#f1-jos-2017-00696){ref-type="fig"}). Positron emission tomography-computed tomography (CT) and abdominopelvic CT showed multiple metastatic lymph nodes with F-18 fluorodeoxyglucose uptake in the portacaval, aortocaval, and para-aortic areas. Laparoscopic lymph node biopsy showed moderately differentiated metastatic adenocarcinoma. The patient was diagnosed with primary unknown cancer. He was treated with intravenous heparin and advised to take rivaroxaban following discharge (15 mg bid) as he had concomitant pulmonary embolism. He developed small multiple scattered infarctions in the bilateral cerebellar and cerebral hemispheres ([Supplementary Figure 1B](#SD2){ref-type="supplementary-material"}), 4 days after discharge. Subcutaneous enoxaparin (60 mg bid) was administered. However, 6 days later, he developed sudden weakness on his left side. CT angiography showed occlusion of the right proximal middle cerebral artery. Endovascular thrombectomy was performed with Solitaire (ev3, Irvine, CA, USA). The artery was successfully recanalized after five passes, but developed a large infarction ([Supplementary Figure 1C](#SD2){ref-type="supplementary-material"}). The retrieved pieces of thrombi were whitish and rubbery ([Figure 1B](#f1-jos-2017-00696){ref-type="fig"}). We performed hematoxylin-eosin and immunohistochemical staining for platelets, fibrin/fibrinogen, red blood cells, and neutrophils. Details of the staining methods are described in the Details of the staining methods in the supplementary data ([Supplementary Method 1](#SD1){ref-type="supplementary-material"}). Histologic examinations demonstrated that the entire thrombus area comprised platelets interwoven with thin fibrin strands. The fibrins also lined the edge of the thrombus. There were few neutrophils and red blood cells ([Figure 1C](#f1-jos-2017-00696){ref-type="fig"}-[G](#f1-jos-2017-00696){ref-type="fig"}).

The thrombi in this case were rich in platelets. To our knowledge, this is the first report demonstrating the histopathological features of intracranial thrombi in NBTE. Previous pathological examination of cardiac valve vegetations in NBTE showed platelet thrombi interwoven with fibrin strands, without leukocytes \[[@b1-jos-2017-00696],[@b3-jos-2017-00696]\], The histological features of thrombi retrieved in the current case were similar to those of the cardiac valve vegetations in previous reports of NBTE, which suggested that the thrombi were embolized from the vegetation in the mitral or aortic valve. Vegetations in NBTE were observed on leaflets of the mitral or aortic valves where a high-flow condition exists \[[@b2-jos-2017-00696]\]. Red thrombi are known to be produced in low-flow conditions, whereas white thrombi are produced in high-flow conditions \[[@b4-jos-2017-00696]\]. Thus, high-shear stress might have contributed to the formation of platelet-rich thrombi in NBTE.

The patient described in this report developed stroke three times within 1 month. Furthermore, the last two attacks recurred during anticoagulation therapy. In the past, intravenous or subcutaneous heparin has been empirically recommended for stroke prevention in NBTE \[[@b5-jos-2017-00696]\]. Anticoagulants are usually effective in preventing the formation of slow-flow-related red thrombi. In contrast, antiplatelet agents are effective against high-flow-related white thrombi. Experiences similar to the present case are limited. However, the histological features of platelet-rich thrombi, occurrence of vegetation at high-flow locations, and ineffective anticoagulation for stroke prevention highlighted whether anticoagulation should be the treatment of choice for stroke prevention in patients with NBTE. Antiplatelet agents may be an alternative treatment for stroke prevention, at least in cancer-associated NBTE.
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Immunohistochemical study.
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Diffusion-weighted imaging (DWI) following the first attack (A) and second attack (B), and computed tomography (CT) imaging following the third attack (C). Initial DWI demonstrated a medium-sized infarction involving the left posterior cerebral artery, and many small infarctions in the bilateral cerebellar and cerebral hemispheres (A). Follow-up DWI after recurrence showed a similar pattern of infarctions (multiple small infarctions in the bilateral cerebellar and cerebral hemispheres and small-to medium sized infarction in the right cerebellum (B). The CT scan after the third attack showed a large infarction in the right middle cerebral artery territory (C).
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Serial changes in the level of D-dimer and treatment modality. NBTE, nonbacterial thrombotic endocarditis; IV, intravenous; SQ, subcutaneous.

![(A) Transesophageal echocardiogram showing a 0.6×0.5-cm echogenic mass on the anteromedial leaflet of the mitral valve (arrow). (B) Retrieved thrombi. (C) Hematoxylin-eosin staining of the thrombus. (D--G) Immunohistochemical analyses with antibodies against CD42b, fibrinogen, myeloperoxidase, and glycophorin A, to visualize platelets, fibrin/fibrinogen, neutrophils, and red blood cells (RBCs), respectively. Positive signals were indicated by the development of a brown color. Abundant platelets were seen in the entire thrombus (D); fibrinogen/fibrin appeared at the edge or as thin strands within the thrombus (E); neutrophils were hardly visible (F); and RBCs were present (arrowheads) (G).](jos-2017-00696f1){#f1-jos-2017-00696}
